Objective-To test the efficacy of intravascular ultrasound (IVUS)-guided stent placement and to determine the clinical outcome during the first 30 days in those patients who were treated with antiplatelet therapy rather than anticoagulants because they met the IVUS criteria for optimal stent placement. Design-Prospective observational study. The purpose of the present study was to test the efficacy of IVUS-guided stent placement in avoiding postprocedural systemic anticoagulation. There were three primary objectives: firstly, to identify those patients who meet IVUS criteria for optimal stent placement; secondly, to assess the value of repeat dilatation in terms of the increase in lumen area; and thirdly, to determine the safety of antiplatelet therapy based upon IVUS criteria in terms of cardiac and non-cardiac clinical events during the first 30 days after stent placement.
Interventions-IVUS was performed to assess the attachment of stent struts, the coverage of the dissection, and the intrastent minimal lumen area. Main outcome measures-Intrastent lumen area, clinical outcome during the first 30 days. Results-In all patients IVUS showed complete apposition and coverage of the dissection. In 23 patients (18%) the IVUS lumen area criterion was achieved. In 75 patients, further balloon dilatation was performed and in 41 IVUS criteria were finally fulfilled. The minimal intrastent lumen area increased from a mean (SD) of 6-81 (1.15) mm2 to 9*56 (2.61) mm2 (p < 0.01) between the first and final IVUS investigations. 64 patients (51%) who met the IVUS criteria were treated with aspirin (100 mg) and ticlopidine (250 mg) twice a day. During the first 30 days none of the following events occurred: death, myocardial infarction, repeat intervention, aortocoronary bypass surgery, and subacute stent thrombosis. Conclusion-The additional information provided by IVUS examination helped the operator to decide whether fiurther dilatation was needed after a coronary stent had been placed. For patients who met the IVUS criteria for optimal stent placement, antiplatelet therapy was associated with an excellent clinical outcome during the first 30 days.
(Heart 1996;76:344-349) Keywords: coronary stents; angioplasty; intravascular ultrasound; antiplatelet therapy Coronary stenting is a reliable treatment for current or imminent vessel closure after balloon angioplasty (PTCA) .l-Recent studies demonstrate that stent implantation after PTCA of de novo stenoses reduces the restenosis rate.45 However, subacute stent thrombosis as well as bleeding and vascular complications caused by the intense anticoagulation are major limitations of coronary stent implantation. 68 Studies indicate that intravascular ultrasound imaging (IVUS) is better than angiography in the assessment of intrastent minimal lumen area. 9 10 If an adequate lumen area is achieved by using IVUS, postprocedural anticoagulation may not be necessary. The initial clinical experience with patients receiving antiplatelet therapy after IVUS-guided coronary stent placement was encouraging. l-14
The purpose of the present study was to test the efficacy of IVUS-guided stent placement in avoiding postprocedural systemic anticoagulation. There were three primary objectives: firstly, to identify those patients who meet IVUS criteria for optimal stent placement; secondly, to assess the value of repeat dilatation in terms of the increase in lumen area; and thirdly, to determine the safety of antiplatelet therapy based upon IVUS criteria in terms of cardiac and non-cardiac clinical events during the first 30 days after stent placement.
Patients and methods
We studied 126 patients with symptomatic ischaemic heart disease who underwent successful intracoronary stent placement after balloon angioplasty (PTCA) at our hospital. Successful stent implantation was defined as stent placement at the desired position, a residual stenosis of less than 10%, and a complete coverage of the dissection according to angiographic criteria. Indications for stent placement were coronary dissections after PTCA with progressive lumen narrowing within 10 min, complete vessel closure, residual stenosis of 30% or more, and target lesions located in venous bypass grafts. According to previously published data,'516 marked irregularity of the vessel wall, a luminal filling defect suggestive of an intimal flap, or extravasation of contrast outside the lumen after dilatation were interpreted as angiographic evidence of coronary dissection. A progressive lumen narrowing with a residual stenosis of >75% despite multiple balloon inflations disclosed by injection of contrast medium into the coronary artery was regarded as a threatened occlusion. Vessel closure was angiographically defined as TIMI flow grade 0 or 1.17 These definitions were applied to native vessels and also to venous bypasses.
IVUS was performed in all patients in whom the stent had been successfully placed. The length of the dissection and the number of the segments implanted with a stent did not influence the decision to perform IVUS.
All patients were on long term treatment with low dose aspirin (100 mg/d), and their antianginal therapy was continued. During the procedure 15 000 units of heparin and 500 mg of aspirin was administered intravenously.
Before every angioplasty procedure, detailed information was given to all patients about stenting, the special management required, the IVUS investigation, and the inherent risks of the intervention. All patients gave written informed consent.
Stent implantation was performed according to a previously described technique using the femoral approach.'5 16 hand-crimped on the angioplasty balloon. The balloon-stent assembly was advanced across the lesion site via a 0-014 inch guidewire which was left in place after PTCA. The size of the balloon catheter for stent deployment was chosen according to the angiographic estimation of the average proximal and distal reference segments with a tendency toward slight oversizing. The stent was positioned within the centre of the lesion with the aid of fluoroscopy. Balloon inflation with cine film documentation of complete balloon expansion was used to deploy the stent. After balloon deflation, the balloon catheter was removed and angiography was performed without foreshortening or vessel overlap. To achieve optimal stent expansion according to angiographic criteria, redilatation was carried out with the original balloon until an acceptable angiographic result was obtained.
In a next step, IVUS was performed with a Cardiovascular Imaging Systems (CVIS) system using 2-9F ultrasound catheters. The catheter has a mechanically rotating system with a 30 MHz ultrasound crystal within the distal tip of a rotating wire. Using fluoroscopy, the imaging catheter is advanced via the guidewire until the distal marker crosses the distal reference segment by 20 mm. The guidewire is then retracted under fluoroscopic control, and the imaging core is advanced. The ultrasound catheter was advanced to a site distal to the stented segment. The IVUS catheter was retracted manually. All IVUS studies were recorded on Super VHS videotape (Panasonic 7330E, Matsushita Electric) with an audio commentary on the videotape to describe the procedure. A cinefilm was recorded simultaneously to document the start and end of retraction. Special care was taken to document the distal and proximal reference diameters, the most distal and proximal ends of the stent, the bridge segment, and the tightest site.
ON-LINE MEASUREMENTS
The pullback of the catheter was reviewed to identify the tightest intra-stent site. Manual tracing of the lumen-intima border was performed by an experienced operator during the procedure to assess the lumen area of the tightest intra-stent site and of the distal and proximal reference segments (fig 1) .
The following IVUS criteria defined optimal stent expansion: * Complete apposition of the stent struts against the vessel wall. * Complete coverage of the dissection. and/or an intra-stent lumen area at the tightest site > 90% of the reference segment (an average of the proximal and distal values). If the first IVUS evaluation showed that all criteria were met, the IVUS catheter was removed and a final angiography was performed. The procedure was then completed.
If the IVUS criteria were not met, further dilatations with larger balloons, high pressure balloons, and/or additional stent implantation were performed at operator's discretion to fulfil the IVUS criteria. The balloon used for repeat dilatation was chosen according to the results of the first IVUS examination, and matched in size the mean reference diameter. High pressure dilatation was applied when, despite the use of an appropriate balloon, adequate stent expansion could not be demonstrated. When a 7 mm long Palmaz-Schatz stent had been implanted short balloons were used for high-pressure dilatation.
These procedures were monitored by repeated IVUS evaluation. The intervention was complete when the IVUS criteria were met or when continuation of the interventional procedure would have increased the risk of complications.
OFF-LINE ANALYSIS
Consecutive IVUS images of optimal quality showing the ultrasound probe in a central and coaxial position were digitised into a 640 x 480 dot matrix (media grabber, RasterOps Corporation) linked to an Apple Macintosh computer. All IVUS measurements were performed during diastole. The following measurements were then performed using standard analysis software (Image 1-40 NIH): minimal and maximal luminal diameters, lumen area. The validity of IVUS measurements was documented in vitro and in vivo. 9 The reproducibility of IVUS dimension measurements was assessed by analysis of repetitive IVUS pullback sequences at three locations-that is, within the proximal and distal reference segments to stent transition as well as within the tightest portion of the stent. The mean (SD) difference between two measurements at 23 corresponding locations was 0-02 (0-13) mm for minimal lumen diameter and 0-04 (0-33) mm2 for cross sectional lumen area. Linear regression analysis revealed close correlations for minimal lumen diameter (r = 0 88) and cross sectional lumen area (r = 0 97). Between the stent implantation and in the next 30 days, death, myocardial infarction, repeat intervention (coronary artery bypass surgery and balloon angioplasty), subacute stent occlusion, bleeding complications, and vascular complications were noted. White cell and differential cell counts were monitored in the patients treated with ticlopidine. The 30-day follow up was completed in all patients enrolled in the study.
DEFINITIONS
The following definitions were used 2 16: all deaths were considered to be of cardiac origin unless a non-cardiac cause was detected at necropsy. Myocardial infarction was diagnosed when new pathological Q waves developed that were not present on the baseline ECG or if there was an increase in creatine kinase to greater than twice the upper limit of normal or the creatine kinase myocardial isoenzyme was present, or both. Subacute stent occlusion was defined as angiographically confirmed occlusion of the stented vessel within the first 30 days after the intervention. Aortocoronary bypass surgery was defined as emergency bypass surgery involving the previously treated vessel. Repeat intervention was defined as PTCA in the previously treated vessel in association with angina pectoris, objective evidence of myocardial ischaemia, or both after the completion of the initial procedure. A bleeding complication was defined as requiring transfusion or surgery or as bleeding with associated organ dysfunction. Vascular com- Table 1 shows the baseline clinical and angiographic characteristics of our patients. After stent implantation, the angiographically assessed minimal lumen diameter was 3-02 (0 46) mm, the reference diameter was 3-23 (0 56), and a residual diameter stenosis of 7 (2)% was calculated. The balloon size of the last balloon before IVUS investigation was 3-25 (0 47) mm and the maximal inflation pressure was 12-8 (2 2) atm.
FIRST IVUS EXAMINATION
In all patients there was complete apposition of the stent struts against the vessel wall and complete coverage of the dissection was documented. The IVUS lumen area criterion was met in 23 patients (18%) (fig 2) . In these patients, the minimal stent area was 8-62 (1-17) mm2 and the procedure was completed after the first IVUS examination. A total of 102 patients did not meet the IVUS criteria. In 27 patients, additional dilatation was not performed, because the operator considered further attempts a major risk. In these patients the lumen area was 6-32 (1-76) mm2.
In 75 patients repeat balloon inflations with larger balloons were performed. The size of the final balloon was 3-72 (0-49) mm and the maximal inflation pressure was 13-0 (1 7) atm.
FINAL IVUS EXAMINATION
In another 41 patients IVUS criteria were finally met after repeat dilatation. These patients showed an improvement in minimal stent area from 6-81 (1-15) mm2 (first IVUS) to 9-56 (2-61) mm2 (p < 0.01) (fig 3, table 2) .
In 34 patients the IVUS lumen area criterion was not fulfilled despite further dilatations. The minimal stent area was enlarged from 5-94 (1-31) mm2 to 6-62 (1f54) mm2 (P < 0-05).
SIDE EFFECTS OF IVUS INVESTIGATION
Three patients displayed vasospasm distal to The study was designed to evaluate the feasibility of using IVUS and its efficacy in the assessment of the result of stent placement and the success of repeat dilatation based on IVUS criteria. Accordingly, we did not randomise or compare our patients with a control group not receiving IVUS. The design of the study does not allow for a comparison of the clinical outcome of the patients receiving antiplatelet and those receiving anticoagulation therapy because the two groups were quite heterogenous, as the study protocol shows. Moreover, we did not randomise the medical regimen, and thus, no control group was set up. Consequently, this does not allow us to draw significant conclusions regarding the need for IVUS during stent implantation.
The IVUS criteria were arbitrarily chosen. An absolute lumen area of 8-0 mm2 and/or a ratio of 0-9 between minimal stent cross sectional area and average cross sectional lumen area of the reference segments was considered adequate. The indication for and the performance of further stent dilatation was based on an anticipated elastic recoil of the PalmazSchatz stent of about 15%, on a balloon size which was determined according to the reference diameters, and on a balloon: vessel ratio of 1.0: 1.1.5 These criteria assume that there is no major risk of severe vessel injury associated with the intra-stent dilatation.
Because of the high risk involved in further dilatation the operator decided to end the intervention before IVUS criteria were fully met in 24 patients after the first IVUS examination and in 34 patients after a repeat dilatation with larger balloons. It remains unclear whether the intense use of short, non-compliant high-pressure balloons for repeat dilatation would have achieved further luminal gain in these patients.14 Furthermore, we cannot rule out the possibility that many patients would initially have met the IVUS criteria if the first dilatation had been performed with a highpressure balloon.
This study was not designed to determine whether IVUS is a prerequisite for the indication for treatment with antiplatelet medication. Randomised trials are needed to answer this question. For this reason, we are conducting a study in which, without previous IVUS examination after stent implantation, antiplatelet therapy with aspirin and ticlopidine is tested against conventional treatment by heparin, vitamin K antagonist, and aspirin.25 A study that investigates the importance of high-pressure dilatation with respect to the rate of subacute complications and the restenosis rate has yet to be performed.
A potential limitation of our investigation is that the pullback of the IVUS catheter was carried out manually and not by a motor. However, when pulling back the catheter, the investigators took great care to identify and determine the section of the smallest stent area by conducting numerous measurements.
Our study did not examine whether aspirin or ticlopidine alone or in combination can be regarded as optimal antiplatelet therapy. This question was addressed in a recent study."I Ticlopidine is a novel platelet antiaggregant that functions primarily as an inhibitor of the adenosine diphosphate pathway of platelet aggregation.'9 Thus a synergistic effect of aspirin and ticlopidine may be assumed because aspirin inhibits the cyclooxygenase pathway.
CONCLUSIONS
We found that IVUS examination was a valuable diagnostic technique that helped us to decide whether further dilatation was necessary after coronary stent placement. We showed that though the angiographic result may be acceptable, a far more significant acute increase in lumen area can be achieved by IVUS- 
